The article presents an algorithm for calculating selected energy assessment indexes for grain driers. Particular attention was paid to the conversion of the equations obtained for the operating conditions of the drying process into equations allowing the calculation of indexes for the standard drying conditions. The indexes obtained allow a proper comparison of dryers operating in varied atmospheric conditions, as well as humidity and temperature of the dried material.
Introduction
The amount of energy used in the grain drying process is one of the main elements determining its effectiveness. The commonly used convection drying, which uses hot air as the drying medium, is a highly energy-consuming process (Dmytrów and Wróblewski, 1976; Gramatte and Häuser, 2004) . In convection dryers, in which a significant amount of energy is lost along with the humid and warm air expelled, thermal efficiency sometimes does not exceed 50% (Peroń et al, 2008, Billiris and Billiris, 2013) . A new generation of high-capacity dryers, made available to agricultural producers and purchasers storing cereal grains and rape seeds in the last decade, offers thermal efficiency of over 80% (Schwick, 2015a, b; Dokumentacja, 2016) . Comparing driers based on energy efficiency indexes calculated directly from the test results obtained under different operating conditions (initial and final humidity of the grain, parameters of atmospheric air) is difficult, and doesn't provide objective conclusions (Agricultural, 1997 (Agricultural, , 2001 Walczak, 2007; Schwick, 2015c) . In German research (Schwick, 2014 (Schwick, , 2015a (Schwick, , b, c, 2017 , calculations were made for strictly defined drying conditions, called standard, which determine stipulated values: initial and final humidity of the dried grain, temperature, relative humidity and atmospheric air pressure.
The paper attempts to develop an algorithm for calculating selected energy indexes, based on the results of research for the Eco Dry STKL-05/02 grain dryer, made by a German company Bühler GmbH (Schwick, 2015b) . Using the algorithm, energy indexes for both operating and standard grain drying conditions were calculated and later compared with the indexes included in the German report (Schwick, 2015b) .
Characteristics of the Eco Dry STKL-05/02 dryer
The dryer Eco Dry STKL-05/02 was designed for drying freshly collected, loose and purified damp grain, with dust not exceeding the explosive rate of 160 bar·m·s -1 (Documentation, 2016 ). In the case of stringent requirements regarding the cleanliness of the exhaust air, a centrifugal separator is used, allowing to reduce the dust content to below 200 mg·m -3 . The cleaned air can be expelled outside, or returned into the circulation. Another of the dryer's operation modes includes air recirculation and using an axial fan for discharging used air. Each model of the dryer can be equipped with surface burners for direct heating of the air with the stream of exhaust gas. Figure 1 shows a functional diagram of the Eco Dry STKL-05/02 dryer. 
Algorithm for calculating the evaluation indexes of grain dryers
Assessment indexes for the of grain driers, presented in the reports of the German Agricultural Society (Deutsche Landwirtschafts-Gesellschaft), were developed for operating and standard conditions of the drying process: change in humidity of the dried material from 35% to 15%, air temperature 5ºC, relative humidity 80%, air pressure 0.1013 MPa (Schwick, 2014 (Schwick, , 2015a (Schwick, , b, c, 2017 .
Calculations necessary for the energy evaluation of dryers (for both operating and standard conditions) were made on the basis of the given equations (1-19). The meaning of the symbols appearing in the formulas is given in Tables 1 and 2. Weight of damp grain , dried in time was calculated according to the equation:
Drier capacity was expressed as the quotient of dry grain weight and drying time (in operating conditions), and calculated according to the equation:
Drier capacity (adjusted for standard drying conditions), was expressed as a quotient of dry grain weight and drying time, and calculated according to the equation:
Drier capacity was expressed as the quotient of damp grain weight and drying time (in operating conditions), and calculated according to the equation:
Drier capacity (adjusted for standard drying conditions) was expressed as the quotient of damp grain weight and drying time, and calculated according to the equation:
Intensity of water evaporation from the grain under operating conditions of drying was calculated according to the equation:
The intensity of water evaporation from the grain under standard drying conditions was calculated according to the equation:
Specific heat consumption for evaporating water from the grain under operating conditions of drying was calculated according to the following formula:
The power of the dryer's heating unit was calculated from the equation:
Specific heat consumption for evaporating water from the grain under standard drying conditions was calculated according to the following formula:
Adjustment of , due to the initial temperature of grain, which varied from the temperature set for the standard drying conditions during the tests, was calculated according to the equation:
However, it should be added that equation (11) applies only if the temperature of the grain supplied to the dryer is equal to ambient air temperature during drying.
Adjustment of , due to the ambient temperature of air, different from the temperature set for the standard drying conditions during the tests, was calculated according to the equation:
Enthalpy of 1 kg of dry air and kg of water vapor contained therein was calculated according to equations (13) and (14). Average specific heat of dry air at temperature and was adopted at 1.005 kg·kg -1 ·K -1 , water vapor at 1.86 kg·kg -1 ·K -1 , and the heat of water evaporation at 0ºC, at 25001 kg·kg -1 (Strumiłło, 1983) . 
Water content in atmospheric air supplied to the heating unit of the dryer was calculated according to the formula given by Strumiłło [1983] :
Relative humidity was calculated using the formula that was developed using the Krischer method (Krischer and Kast, 1978) . Results of the calculations, and their analysis Table 1 presents the results of measurements taken from the Eco Dry STKL6-05/02 dryer, which were the basis for calculating basic indexes for dryer evaluation. Table 2 presents the results of calculations included in the German research report (Schwick, 2015b) , as well as own calculations based on the developed algorithm. Grain dryers can be evaluated based on specific indexes (Strumiłło, 1983; Walczak, 2007; Kudra, 2012; Billiris et al., 2011; . Some of them are: specific thermal consumption related to the amount of water evaporated from the grain, and thermal efficiency, defined as the ratio of useful energy to total energy (heat and power) used in the drying process. For dryers operating periodically, useful heat is the heat used to evaporate water from the dried material. It is calculated as the product of evaporation heat and the mass of the evaporated water. If, on the other hand, dryers operating continuously are evaluated, calculations are made on the basis of the product of evaporation heat of water and its intensity of evaporation. In some research, an indicator is proposed called thermal efficiency, defined as the ratio of useful energy to total fuel combustion heat introduced into the air dryer (Walczak, 2007; Billiris, 2013; Schwick, 2015a,b,c) . Based on the results from the measurements taken from the Eco Dry STKL6-05/02 dryer (Table 1) , and the above formulas, calculations of many indexes characterizing the operation of the dryer were made. They were then compared with the values obtained by Schwick (2015b) . Data presented in Table 2 demonstrate that some of the calculated values differ slightly from the values presented in the German research report. This applies mainly to the intensity of evaporation of water from the grain under operating conditions of drying standard drying conditions , specific heat consumption and , as well as standard consumption of power and . Value of the index from Schwick's calculations (2015) is slightly higher than the index , while the results of own calculations indicate a different relation ( = 0.234 kg·s -1 , and = 0.236 kg·s -1 ). In contrast, the opposite relations result from the specific power consumption -the value from own calculations is smaller than . This is the result of imprecise dryer performance test data, relating to both dry and damp material. For this reason, the evaporation rate of water from the dried material under standard drying conditions is smaller, despite the fact that the loss of water in grain dried in operating conditions constitutes 111.5% of the water loss under standard drying conditions (22.3% and 20%, respectively). Specific heat energy consumption used for evaporation of water from grain under standard conditions constitutes approx. 1.045 of the value of specific heat consumption used for evaporation of water from grain under operating conditions. This is the result of supplying to the dryer an additional amount of thermal energy contained in atmospheric air and dried corn grain, both with temperature higher than the ambient temperature under standard conditions (8.3℃).). Results for dryer tests carried out in different atmospheric air conditions showed different proportions -the value of the indicator is lower than the value of indicator (Schwick, 2017) . Please note that the value of specific heat and power consumption ( − ) resulting from own calculations constitutes 99.29% of the value of the indicator reported in the Schwick report (2015).
Summary
Comparing driers based on indicators calculated for operational drying conditions can not reflect the quality of their operation in terms of energy if both the ambient conditions as well as temperature and initial moisture of the grain are different. Standard conditions are used as a reference point, which are the basis for the calculation of energy indicators. The developed algorithm allows to calculate the basic indicators for the evaluation of operating and standard grain drying conditions of dryers. Based on the developed equations, the results of own calculations almost fully agree with the results presented in the German report. Minor differences may result from the adoption of slightly differing parameters of damp air in the tables available.
